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carotid plaque echogenicity
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Objective: Baroreflex sensitivity is lower in patients with echogenic carotid plaques compared with patients with
echolucent ones. The purpose of our study was to compare the baroreflex function after carotid endarterectomy (CEA)
between patients with different plaque echogenicity.
Method: Spontaneous baroreflex sensitivity (sBRS), heart rate, and systolic and diastolic arterial pressure were calculated
in 51 patients with a severe carotid stenosis (70%-99%) 24 hours before CEA, as well as 24 and 48 hours after CEA.
Carotid plaque echogenicity was graded from 1 to 4 according to Gray-Weale classification, after duplex examination, and
the patients were divided into two groups: the echolucent (grade 1 or 2) and the echogenic (grade 3 or 4).
Results: The postoperative mean systolic arterial pressure values in all 51 patients at 24 and 48 hours (143.2 and 135.5
mm Hg, respectively) were found to be significantly increased compared with the preoperative value (132.5 mm Hg;
x2 32, P< .001). Mean sBRS value, in all patients, was significantly reduced postoperatively to 2.1 ms mmHg1, from
the mean preoperative value, 3.7 ms mm Hg1, independently of plaque echogenicity. Twenty patients (39%) were
included in the echolucent group and 31 (61%) in the echogenic. The two groups had significant differences in two
parameters: the rate of diabetes mellitus and the rate of symptomatic plaques. After adjusting the two groups for these
differences, we found that the preoperative difference in sBRS between the two groups (F[1,51]  11, P < .003) was
eliminated 24 and 48 hours after CEA (F[1,51]  .007, P < .9 and F[1,51]  .4, P < .5 for 24 and 48 hours,
respectively).
Conclusions: Before the removal of carotid atheroma, baroreflex sensitivity, which is a well established cardiovascular risk
factor, seems to be affected by carotid plaque echogenicity. However, CEA has as a result a similar baroreflex response in
all patients, regardless of plaque echogenicity, implying no association of plaque morphology and postoperative
baroreflex sensitivity. ( J Vasc Surg 2012;56:1591-7.)
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lCarotid endarterectomy (CEA) reduces the future risk
for a cerebrovascular event in patients with significant ca-
rotid artery stenosis, by removing the atheromatous plaque
from the carotid bifurcation and the internal carotid ar-
tery.1,2 The carotid sinus, a significant baroreceptor regu-
lating blood pressure, is located in this region. Blood
pressure is in part controlled by the sensitivity of these
baroreceptors, and this sensitivity (baroreflex sensitivity or
BRS) can be quantified by the heart rate response to
changes in blood pressure (ms/mm Hg). Several methods
can be used for quantification of BRS, such as pharmaco-
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http://dx.doi.org/10.1016/j.jvs.2012.05.103ogic, valsalva maneuver, mechanical manipulations with a
eck chamber, or analysis of spontaneous oscillations in
lood pressure and inter-beat (RR) interval. The latter is
alled spontaneous BRS (sBRS)3 and seems to be advanta-
eous compared with other methods, not only because it
an cause much less discomfort or risk to the patients, but
lso because it has very good reproducibility, due to its
utomatic and standardized computations.4,5
Previous studies have shown that, in most patients, the
emoval of atherosclerotic plaques from the carotid lumen
s associated with deterioration of baroreflex sensitivity.
his impairment has been detected both intraoperatively
nd postoperatively.6,7 The presence of an atheroma in the
arotid sinus region can impair the sensitivity of barorecep-
ors,8 and this impairment seems to be greater in patients
ith stiffer, more echogenic carotid plaques.9 However, it
s currently unclear whether such sBRS deterioration after
EA correlates with the echogenicity of the removed ca-
otid plaque.
sBRS index is a significant and reliable clinical marker
or cardiovascular morbidity and mortality. Specifically, a
ecreased sBRS index has been associated with enhanced
ympathetic activity, increased coronary vasoconstriction,
latelet aggregation, impaired ventricular remodeling, and
ife-threatening arrythmias. In such a perspective, deter-
ining possible factors affecting sBRS may be of potential
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December 20121592 Tsekouras et alclinical significance. In this study, we investigated whether
carotid plaque echogenicity correlates with the postopera-
tive values of sBRS following carotid endarterectomy. This
could be valuable clinical information allowing us to predict
the postoperative cardiovascular risk according to the echo-
genicity of the plaque.
METHODS
Fifty-six patients undergoing elective CEA were in-
cluded in this study, following approval of the study proto-
col by our institution’s ethics committee. Written informed
consent was obtained from all subjects. All patients had
carotid stenosis of 70% to 99%, as measured by digital
subtraction angiography and calculated according to the
North American Symptomatic Carotid Endarterectomy
Trial1 criteria.
Exclusion criteria have been previously described.9
Briefly, patients with cardiac rhythm disorders, heart fail-
ure, previous carotid endarterectomy or angioplasty, ca-
rotid dissection, carotid occlusion, and hemorrhagic stroke
were not included in our cohort. More specifically, five
patients were excluded from the study (one with cardiac
rhythm disorder, one with a previous carotid angioplasty,
and three with an inaccurate analysis of the electrocardio-
graphic signal during the measurement of sBRS). Thus, a
total of 51 patients (31 male; mean age, 68.8 years; range,
44-81 years) were finally evaluated. The demographic and
clinical characteristics of the patients of the two groups are
shown in the Table. Factors that could affect sBRS, such as
age, myocardial ischemia, diabetes, obesity, history of
stroke, end-stage renal disease, and depression,10 were
recorded, and if a significant difference was identified be-
tween the two study groups, they were controlled as cova-
riates in the comparative statistical analysis.
Medications known to increase sBRS, such as neuro-
leptics, angiotensin receptor-1 blockers, angiotensin-
converting-enzyme inhibitors, diuretics, and nitroglycer-
ine, were stopped for 24 hours before the preoperative
testing.11,12 The same was done for agents like -blockers
and calcium channel blockers, in order to avoid a possible
autonomic interference, despite the fact that these specific
Table. Comparison of demographic and clinical characteri
Demographics/clinical characteristics
Echolucent pla
(n  20)
Age (years) 69.2
Men 12 (60%)
Obesity 3 (15%)
Diabetes mellitus 12 (60%)
History of heart infarct 8 (40%)
Hypertension 14 (70%)
Smoking 13 (65%)
Symptomatic stenosis 13 (65%)
Contralateral carotid stenosis 70% 6 (30%)
Statins 16 (80%)
FET, Fisher exact test; ISTT, independent samples t-test; NS, nonsignificanagents are not always considered responsible for altering iBRS.13,14 To avoid the possible effect of intraoperative or
ostoperative use of vasoactive or cardioactive drugs, the
rst sBRS calculation was performed 24 hours after the
rocedure and each measurement was performed 3 hours
fter the last routine administration of the postoperative
edication. No routine antihypertensive drug was given
f the systolic blood pressure (SBP) was lower than 100
m Hg.
sBRS value calculation was achieved by simultaneous,
ontinuous recordings of heart rate (via electrocardiogra-
hy) and arterial pressure (via a radial tonometer, CBM
000; Colins Medical Instruments Corp, San Antonio,
ex), for a period of 20 minutes. All patients were exam-
ned in the supine position under standardized conditions,
t 8:00 am, after an 8-hour overnight fast, in a quiet room
ith stable temperature (22-24°C). The radial tonometer,
ia a validated generalized transfer function, enabled the
alculation of the aortic blood pressure waveform from the
adial artery waveform15 and, therefore, systolic arterial
ressure (SAP), diastolic arterial pressure, and electrocardi-
graphy signals were digitized for storage and analysis by the
aroCor System (AtCor Medical, Sydney, Australia). This
omputer system, using appropriate software (BaroCor Sys-
em Software, AtCor Medical), calculated sBRS by detecting
nd analyzing spontaneous oscillations in blood pressure and
R intervals, applying the principles of sequence method.
equencemethod is based on the identification of progressive
ncreases or decreases in SBP, followed by corresponding,
rogressive lengthening or shortening of RR intervals, in at
east three consecutive heart beats. A linear regression was
pplied to each selected sequence and the mean slope (sBRS
ndex) was calculated as the average of all slopes recorded
uring the 20-minute period.9 We estimated the sBRS values
n three different times: 24hours before endarterectomy (T0),
s well as 24 and 48 hours postoperatively (T24 and T48,
espectively).
Duplex ultrasonography for assessment of carotid
laque echogenicity was performed, as previously de-
cribed,9 according to a standardized ultrasound protocol
hat lowers interobserver variability.16 To increase preci-
ion in plaque visualization, the Speckle Reduction Imag-
between the two study groups
Echogenic plaques
(n  31) P value
67.4 P  .4 (NS), (ISTT)
19 (61.2%) P  .9 (NS), (x2)
5 (16.1%) P  .9 (NS), (FET)
6 (19.3%) P  .004, (x2)
12 (38.7%) P  .9 (NS), (x2)
21 (67.7%) P  .8 (NS), (FET)
20 (64.5%) P  1 (NS), (x2)
7 (22.5%) (x2), P  .003
7 (22.5%) P  .5 (NS), (x2)
24 (77.4%) P  .82 (NS), (x2)stics
quesng technique was utilized.17 Ultrasound scans were per-
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Volume 56, Number 6 Tsekouras et al 1593formed by two independent physicians with more than 10
years’ experience in carotid artery ultrasound. Both physi-
cians were blinded to the clinical data, and their results were
compared also blindly. Intra- and interobserver agreement
were assessed to test the reproducibility of carotid plaque
grading scale. Patients were divided into two groups ac-
cording to plaque echogenicity: group A (plaques of grades
1 and 2) and group B (plaques of grade 3 and 4).
Standardized general anesthesia, using sevoflurane, was
performed in all patients. After routine exposure and hep-
arinization, clamps were applied to the common, external,
and internal carotid arteries. A longitudinal arteriotomy
was performed along the diseased length of the common
and internal carotid arteries. The exposure of the carotid
bifurcation and the surrounding area of carotid sinus was
performed very carefully, to minimize a potential hemody-
namic instability caused by surgical dissection. An intralu-
minal shunt (Argyle; Sherwood Medical, St. Louis, Mo)
was routinely placed in all cases to maintain adequate
perfusion to the brain, and all arteriotomies were closed
using a venous (great saphenous) patch.
Hemodynamic instability, during or after CEA, was
defined as hypotension, if SBP was 90 mm Hg and/or
bradycardia, if the heart rate was 60 beats per min.
Postoperative hypertension was defined as an elevation in
SBP of 160 mm Hg or a 40% rise above normal,
requiring pharmacologic management. In all patients, first
treatment choice for either acute or sustained postoperative
hypertension was atenolol, (either intravenously or orally),
in an effort to treat the two groups in a similar way and,
additionally, to minimize sBRS alteration.14
For statistical analysis, the package SPSS for Windows,
release 12 (SPSS, Chicago, Ill) was used. Comparisons
between the two groups were performed with either the
independent samples t test and the 2 or Fisher exact test,
accordingly. The comparison of all measured parameters,
before and after the procedure, were performed either with
the nonparametric Friedman test or the repeated measures
analysis of variance test, appropriately. A comparison of
pairs was also performed, with the Wilcoxon test, where
two pairs of mean values were compared (T0-T24 and
T0-T48, respectively). Groups A and B at the specific
moments T0, T24, and T48, were compared with the
analysis of covariance test, and finally, the change of hemo-
dynamic parameters in the two groups, during the whole
period of the study, from the first (T0) to the last (T48)
measurement, were evaluated with the mixed multivariate
analysis of covariance test. For the assessment of inter- and
intraobserver agreement,  statistics was used expressed as
  SE.
RESULTS
Twenty patients (39.2%) were found to have echolu-
cent plaques and the remaining 31 (60.8%) echogenic
plaques. Intraobserver reproducibility for plaque echoge-
nicity characterization was very good for both observers, as
indicated by  values (  .96 .04 for observer 1 and  
.919  .56 for observer 2). Interobserver agreement was dlso high ( of .92 .06). Forty-five patients (88% of the
ohort) had a contralateral atherosclerotic plaque (13 pa-
ients had contralateral stenosis 70%), 32 patients had a
ild contralateral stenosis within a range between 30% and
0%, and only six patients (12% of the cohort) did not have
ny atherosclerotic plaque on the contralateral side. Post-
perative mean SAP values at 24 and 48 hours (143.2 and
35.5 mm Hg, respectively) were found to be significantly
ncreased compared to the preoperative value (132.5 mm
g; x2  32, P  .001). Similar results were obtained by
omparing separate pairs of SAP values, between T0 and
24, as well as between T0 and T48, using the Wilcoxon
est (z  3.7, P  .001 and z  2.7, P  .001, for the
air T0-T24 and T0-T48, respectively; Fig 1,A). Similarly,
he mean sBRS value was significantly reduced from amean
alue of 3.7 ms mm Hg1 preoperatively to 2.1 ms mm
g1 postoperatively; this alteration was independent of
laque echogenicity, as shown both with Friedman (x2 
2.6, P .001) and Wilcoxon test (z4, P .001; Fig
, B). It should be noted that, in seven out of 51 patients of
ur cohort, the postoperative sBRS did not change signif-
cantly postoperatively.
The percentage of patients with a history of diabetes
ellitus was higher in the echolucent (60%) compared with
he echogenic group (19.3%, x2 8.7, P .004), while the
ate of symptomatic plaques was significantly higher in the
cholucent group (65% vs 22.5%, x2  9.1, P  .003;
able). To control for these differences, we used statistical
ests of covariance (analysis of covariance), and we found
hat preoperatively, the mean sBRS value in the echogenic
roup (2.8 ms mm Hg1) was significantly lower than the
ean value in the echolucent group (5.0 ms mm Hg1),
F[1,51]  11, P  .003). However, at T24 and T48, no
tatistically significant difference was found between the
ean sBRS values of the two groups (F[1,51] .007, P
9 and F[1,51] .4, P .5 for T24 and T48, respectively).
hus, the difference in baroreflex sensitivity between the
wo groups did not persist after CEA (Fig 2).
Mixed multivariate analysis of covariate also confirmed
hat the preoperative difference of baroreflex sensitivity in
atients with different plaque echogenicity disappears after
EA. This analysis estimated the difference in sBRS values
etween the two groups, in different timemoments, adjust-
ng for the covariates “history of diabetes” and “symptom-
tic nature of the plaque.” Indeed, sBRS values were found
o differ significantly between the two groups, during the
hole study period, from T0 (preoperatively), to T48
postoperatively), and this difference was found to be due
o the preoperative differences and not due to postopera-
ive alterations in sBRS (F  5.6, P  .007). All other
emodynamic factors (SAP, diastolic arterial pressure, heart
ate) were similarly tested, and no significant differences
ere found between the two groups.
During carotid dissection, five patients (two in the
cholucent group and three in the echogenic group) suf-
ered hemodynamic instability. Two of the five patients had
oth hypotension and bradycardia, two had only bradycar-
ia, and one had only hypotension. Postoperatively, 2
e
w
D
f
c
i
c
v
t
d
w
a
f
v
m
w
v
t
c
f
f
w
m
b
o
a
c
d
m
s
a
r
c
s
p
s
t
b
p
f
n
o
c
fl
i
fi
e
s
e
n
C
JOURNAL OF VASCULAR SURGERY
December 20121594 Tsekouras et alpatients out of 14 (14%) from the echolucent group and 3
out of 21 (14%) from the echogenic group, who were on
antihypertensive treatment, did not receive a routine dose,
due to an SBP 100 mm Hg. Finally, nine patients from
the echolucent group (45%) and 15 from the echogenic
group (48%) required extra antihypertensive medication
(atenolol) for treating refractory hypertension. Two out of
Fig 1. Box plot diagram reflecting mean systolic arterial blood
pressure (A), and mean spontaneous baroreflex sensitivity (sBRS)
value (B) at the three study periods (before the procedure [T0],
and 24 and 48 hours postoperatively [T24 and T48, respectively]),
in all patients, regardless of their plaque echogenicity. It shows
graphically the postoperative increase of mean arterial blood pres-
sure and the respective decrease of sBRS, after the carotid endar-
terectomy. The distance between the upper and lower sides of each
box represents the distance between the 25th and 75th percentile
(interquartile range). Outside values, which are represented as
circles in this figure, are defined as the values that are 1.5 to 3.0
times smaller than the lower quartile, or 1.5 to 3.0 times larger
than the upper quartile. Far outside values, represented as stars
in this figure, are defined as those values that are either more than
3.0 times larger than the upper quartile, or more than 3.0 times
smaller than the lower quartile. The number accompanying the
circles or the star reflect the specific patient (n  1-51) from our
database (51 patients in total) with an outlier value. InA, 24 hours
after the procedure, two different patients (n 34 and n 40) had
the same outlier value of systolic arterial blood pressure, so, there is
just one circle representing that same value. SAP, Systolic arterial
pressure.nine from the echolucent group and 4 out of 15 from the achogenic group did not have a history of hypertension and
ere not on antihypertensive treatment.
ISCUSSION
sBRS index is a significant and reliable clinical marker
or cardiovascular morbidity and mortality.18,19 A de-
reased sBRS index has been shown to be associated with
ncreased sympathetic activity, which can lead to increased
oronary vasoconstriction, platelet aggregation, impaired
entricular remodeling, and, more importantly, to life-
hreatening arrythmias.20-22 Previous studies have also
emonstrated that sBRS is not only impaired in patients
ith either unilateral or bilateral carotid disease,23,24 but
lso in patients after CEA.6,7,25
In such a perspective, determining possible factors af-
ecting sBRS may be of potential clinical significance. Pre-
iously, we have shown that plaque echogenicity can deter-
ine the sensitivity of baroreceptors, and that patients
ith echogenic plaques have a significantly lower sBRS
alue compared with patients with echolucent ones.9 In
his study, we investigated whether plaque echogenicity
orrelates also with the postoperative values of sBRS
ollowing CEA.
A noninvasive method of estimating sBRS was per-
ormed based on central blood pressure changes, which
ere recorded indirectly from radial artery readings. This
ethod has been previously described9 and is considered to
e more accurate compared with others, which are based
n blood pressure changes measured in the peripheral
rteries.24 Moreover, the sequence method we used to
alculate sBRS has significant advantages regarding repro-
ucibility, due to the fact that all computations are auto-
atic and standardized. So, intra- and intersubject mea-
urement variability is virtually eliminated.4 Additionally,
ll patients were examined under standardized conditions
egarding timing, medications, diet, and environmental
onditions. It is the first time estimating sBRS with this
pecific way in patients undergoing carotid surgery.
The present study confirmed our previous finding of
reoperative sBRS correlation with plaque echogenicity in a
lightly larger cohort of patients. Additionally, it was shown
hat, following CEA, the mean sBRS value is the same in
oth groups irrespective of the echogenicity of the removed
laque. Thus, the preoperative difference in baroreceptors’
unction, between patients with different plaque echoge-
icity, does not persist after removal of the atheroma. To
ur knowledge, there is no similar study in the literature
orrelating plaque echogenicity with postoperative barore-
ex function after CEA.
The above two findings are biologically reasonable and
n accordance with each other. Indeed, the herein reported
nding of postoperative elimination of sBRS value differ-
nces between patients with different plaque echogenicity
trongly supports our previous conclusion that plaque
chogenicity is an sBRS determinant in patients with sig-
ificant carotid disease. In other words, the procedure of
EA seems to abolish the role of “plaque echogenicity” as
differentiation factor between the two study groups and,
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operatively in all patients irrespective of their preoperative
plaque characteristics.
Moreover, our study indicates that CEA is associated
with a deterioration of baroreflex sensitivity, at least for 48
hours. This deterioration was found to be independent of
plaque echogenicity. Additionally, sBRS values were found
to be decreased in both echolucent and echogenic plaques.
The difference between the two groups was that the dete-
rioration of sBRS was less in echogenic plaques than in
echolucent plaques. A significant increase of mean SAP
after CEA, which, however, was not accompanied by a
significant change of heart rate, implies baroreflex dysfunc-
tion and is consistent with our results regarding sBRS. The
impairment of sBRS after CEA could be explained by the
denervation of the baroreceptor nerve fibers within the
artery wall during endarterectomy.6,26 Several studies in
the literature, both in animals27 and humans,6,25,28 sup-
port postoperative dysfunction of baroreceptors in the ca-
rotid sinus area. The duration of this phenomenon varies
among different series and can last from hours up to
years.6,28
Despite the above studies, controversy exists in the
literature regarding sBRS after CEA. Other studies have
reported stable or even increased BRS after plaque
removal.29-31 In these studies, hypotension is the principal
postoperative change in blood pressure, and an improve-
Echolucent
Plaque
10
8
6
4
2
0
6
Fig 2. Box plot diagram reflecting the mean spontaneou
at the three different measurements of the study (before t
and T48, respectively]). It shows graphically a significan
groups, only during the first measurement (T0), but not
T48). Outside values are represented with circles and farment in carotid wall stiffness seems to be responsible for shis phenomenon.31 Based on this mechanism, one could
xpect that the removal of an echogenic carotid plaque
ould lead in a greater improvement of sBRS compared
ith a removal of an echolucent plaque, because of the
ikely greater improvement of carotid wall stiffness in pa-
ients of the echogenic group.
The smaller impairment of sBRS in patients of the
chogenic group could be explained by the simultaneous
ction of the two above contrasting mechanisms (neural
amage and stiffness improvement). It has been shown that
ndarterectomy does not destroy all neural fibers, which are
nvolved in the baroreflex response,32 and the remaining
unctional baroreceptors preserve their ability to respond to
lood pressure changes, eliciting an appropriate baroreflex
esponse. A partial and not a complete destruction of
aroreceptors after CEA can justify the presence of both the
bove contrasting mechanisms.
The first mechanism (neural damage) is probably the
ame in the two study groups, because the technique of
ndarterectomy is always the same and independent of the
ype of the removed plaque. The factor that seems to
hange between the two groups after CEA is the second
echanism, the improvement in carotid wall distensibility.
possible greater improvement in carotid distensibility, in
he echogenic group after CEA, could explain the smaller
mpairment of sBRS compared with the echolucent group.
In other words, it seems that before CEA, carotid
Echogenic
40
sBRS-T48
sBRS-T24
sBRS-T0
oreflex sensitivity (sBRS) values in the two study groups
cedure [T0], and 24 and 48 hours postoperatively [T24
erence of the mean sBRS value, between the two study
g the subsequent postoperative measurements (T24 and
de values are represented with stars.s bar
he pro
t diff
durintiffness may play a role in the baroreceptors’ function, but
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December 20121596 Tsekouras et alafter CEA, the neural damage in the carotid wall does not
let a possible improvement of sBRS be expressed to the
fullest extent. Our results imply that the destructive effect
of endarterectomy might be smaller in the echogenic
group, because of the higher improvement in distensibility,
after the plaque removal, due to the action of the remaining
functional baroreceptors. Possibly, neural damage plays a
stronger role than distensibility after CEA, but certainly,
larger studies investigating also carotid wall stiffness are
needed to further clarify this issue. Interestingly, a subset of
seven patients, without significant postoperative change in
sBRS, was identified in this study. Five of these patients
(71.4%) had only ipsilateral carotid atherosclerosis, while
the respective ratio among patients with postoperative
sBRS alteration was 2.3%. This finding could be explained
by a possible compensation of the intact contralateral baro-
receptors, which become overactive after the removal of
ipsilateral atheroma and do not let the overall baroreflex
sensitivity decrease.24
Hemodynamic instability occurs frequently during ca-
rotid CEA, most commonly before the arteriotomy, due to
general anesthesia, surgical manipulation of the carotid
sinus, alterations in renin-angiotensin system, vasopressin
concentrations, central cathecholaminergic activity, or the
presence of the atheroma itself.33 Such events can be
treated with carotid sinus nerve injection of lidocaine or
intavenous administration of atropine or other vasoactive
drugs. In this patient cohort, we avoided the use of such
agents, so as to eliminate the possibility of postoperative
sBRS impairment. Instead, we managed the intraoperative
hemodynamic instability events conservatively, with intra-
venous fluids administration and a short pause of manipu-
lations on the carotid sinus, when bradycardia was noticed.
A potential factor that could affect baroreflex sensitivity
after CEA is any period of severe cerebral ischemia during
the procedure. Indeed, it is well established, in both animal
and patient studies with chronic cerebrovascular dis-
ease,34-37 that cerebral ischemia can lead to impairment of
central autoregulation mechanisms and alteration of the
baroreceptor response. To preclude such a possibility in our
study, we performed routine endoluminal shunting in all
patients, to ensure avoidance of any severe brain hypoper-
fusion.38
Administration of vasoactive or cardioactive agents can
affect baroreflex sensitivity and thus could have influenced
our results. Indeed, some antihypertensive agents can in-
crease sBRS,11,12 while other drugs, such as -blockers or
calcium channel blockers, do not always alter it.13,14 More
specifically, it seems that atenolol can cause an acute de-
crease in SBP and an analog increase in RR intervals,
without any change in sBRS, indicating just a “resetting” of
baroreflex function.14
To control for the administration of vasoactive agents
preoperatively, we discontinued them for 24 hours prior to
sBRS measurement. Moreover, the percentage of hyper-
tensive patients and the type of the specific antihypertensive
drugs were similar in both groups. Thus, antihypertensive
medications were not considered responsible for preopera- Oive sBRS differences in our comparative analysis. Unfortu-
ately, we could not discontinue these drugs, intraopera-
ively, for obvious ethical reasons. To control for such an
ffect, the first postoperative calculation of sBRS was per-
ormed 24 hours after CEA.
Regarding the postoperative use of vasoactive drugs,
e found that the number of patients on antihypertensive
herapy who did not take a routine dose of their medication
ue to hypotension and the number of patients who
eeded extra vasoactive drugs to control their blood pres-
ure was similar between the two study groups. Thus, these
arameters, as statistical variables, would be mutually ex-
lusive in the comparative group analysis. Besides, the same
tandardized agent was used in all patients (atenolol) as first
ine treatment of postoperative hypertension, not only for
reating the two groups in a similar way, but also because
eta blockers usually do not alter sBRS.14 We believe that,
aking into account the above parameters, we achieved a
ood control of all vasoactive agents as cofounders, but
ertainly, this issue remains the main limitation of our
tudy.
One could argue that the ultrasonographic results re-
arding carotid plaque echogenicity were not verified either
y intraoperative intravascular ultrasound or postoperative
istologic examination of the plaque in this study. Al-
hough such a verification could be useful, it should be
oted that plaque echogenicity was assessed with a stan-
ardized ultrasound protocol that lowers interobserver
ariability16 by two independent observers with more than
0 years’ experience in carotid ultrasound imaging, with
ery good inter- and intraobserver agreement as shown in
he results. Besides, plaque echogenicity was assessed using
peckle Reduction Imaging Ultrasound, a technique that
mproves significantly image quality, thus offering a more
recise and objective visualization of carotid plaque echo-
enicity and enhancing reproducibility of the method.17
In conclusion, the present study shows that CEA re-
ults in an sBRS reduction, probably due to the prevailing
ffect of carotid sinus denervation compared with a possible
ain in carotid wall distensibility during the procedure.
oreover, plaque echogenicity may not predict postoper-
tive hemodynamic stress, since postoperative sBRS is un-
elated to plaque characteristics. It seems that the role of
laque echogenicity on preoperative sBRS ceases with the
emoval of the carotid plaque.
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